To evaluate the hypothesis that, in terms of all-cause death, drinking alcohol 1-4 days per week is less harmful than daily (5-7 days/week) drinking of the same quantity of alcohol, a prospective cohort study using a selfadministered questionnaire was conducted in Japan between 1990 and 2003 of 88,746 subjects (41,702 men and 47,044 women) aged 40-69 years at baseline. Among male regular drinkers consuming alcohol more than 1 day per week, light drinkers (<300 g/week) showed no increase in all-cause mortality irrespective of frequency of alcohol intake. Heavy drinkers (300 g/week), however, showed an increased risk of all-cause mortality among those who consumed alcohol 5-7 days per week, while no obvious increase was observed among those who consumed alcohol less than 4 days per week. Hazard ratios for drinkers who consumed alcohol 5-7 days per week were 1.29 (95% confidence interval: 1.12, 1.50) for 300-449 g per week and 1.55 (95% confidence interval: 1.32, 1.81) for 450 g per week when compared with those for occasional drinkers who consumed alcohol 1-3 days per month. These findings support the Japanese social belief that ''liver holidays,'' abstaining from alcohol for more than 2 days per week, are important for heavy drinkers. alcohol drinking; cohort studies; drinking behavior; Japan; mortality Abbreviations: CI, confidence interval; HR, hazard ratio; ICD-10, International Statistical Classification of Diseases and Related Health Problems, Tenth Edition.
A U-or J-shaped association between alcohol intake and all-cause mortality has been observed in several population studies (1, 2) , including Japanese prospective studies (3, 4) . These studies, however, focused primarily on the association between mortality and average quantity of alcohol consumed. Recently, attention has been focused on the relation between health outcome and more complex and multidimensional drinking patterns (5) . Specifically, average quantity of alcohol consumed, frequency of alcohol intake, and the combination of these factors in a pattern of drinking have been investigated.
In Japan, it is widely believed that persistent heavy drinking can damage the liver; therefore, 2 or more days per week in which a person abstains from heavy drinking, a so-called liver holiday, is considered important for general health and for maintaining the metabolic function of the liver. Unfortunately, limited epidemiologic evidence supports this socially accepted idea. Therefore, in the present study, we tested the ''liver holiday'' hypothesis, which proposes that 1-4 days per week of drinking has less of an effect than daily drinking on all-cause mortality if the same quantity of alcohol is consumed.
MATERIALS AND METHODS

Study population
The Japan Public Health Center-based Prospective Study (5) was launched in 1990 for cohort I and in 1993 for cohort II. Cohort I was composed of five prefectural public health center areas and cohort II of six public health center areas. The study protocol was approved by the institutional review board of the National Cancer Center, Japan. In the present analysis, two public health center areas were excluded because different definitions of the study population were applied.
The study population was defined as all registered Japanese inhabitants of the nine public health center areas aged 40-69 years at the beginning of each baseline survey. Initially, 116,893 subjects were identified as eligible for participation in the present study. A total of 218 subjects were excluded: 51 were of non-Japanese nationality, 164 were late in reporting their emigration before the start of the follow-up period, and three were ineligible because of an incorrect birth date. Following these exclusions, a population-based cohort of 116,675 subjects (55,580 men and 59,095 women) was established.
Baseline survey
A baseline self-administered questionnaire survey assessing various lifestyle factors was conducted in 1990 for cohort I and in 1993-1994 for cohort II, with a response rate of 81 percent. Because our aim was to examine the effect of alcohol intake on all-cause mortality among healthy subjects, we excluded those with a present or past history of self-reported serious illness (cancer, cerebrovascular disease, myocardial infarction, or chronic liver disease). After we further excluded subjects who did not answer the questionnaire and subjects for whom no information on current alcohol drinking status was available, data from 88,746 subjects (41,702 men and 47,044 women) were included in the present analysis.
Information on alcohol intake was obtained regarding frequency and quantity by using a validated questionnaire at the baseline survey (6) . The average frequency of alcohol intake was reported according to six categories for cohort I: less than 1 day per month, 1-3 days per month, 1-2 days per week, 3-4 days per week, 5-6 days per week, and every day. Subjects consuming alcohol less than 1 day per month were defined as nondrinkers. Subjects consuming alcoholic beverages at least once a week were also asked about the types of drinks consumed and the average quantity consumed. Subjects in cohort II were also asked to indicate their alcohol drinking status as never, past, or current drinker. Past and current drinkers provided information on the average frequency of intake, the types of drinks consumed, and the average quantity consumed per day. The average frequency of intake was reported based on four categories: 1-3 days per month, 1-2 days per week, 3-4 days per week, and almost every day. Participants in cohort II were also asked to indicate the number of days per month that they drink alcohol at social events.
Because the response categories for frequency of alcohol intake differed slightly between the questionnaires for cohorts I and II, we reclassified the drinkers into the following categories: occasional drinkers (1-3 days/month) and three categories of regular drinkers (1-2 days/week, 3-4 days/ week, and 5-7 days/week). For cohort I, subjects drinking less than 1 day per month were defined as nondrinkers. For cohort II, subjects who answered that they were never or past drinkers were analyzed separately.
To calculate total quantity of alcohol consumed per week, we assigned a score to each category or frequency as follows: 1.5 for 1-2 days per week, 3.5 for 3-4 days per week, 5.5 for 5-6 days per week, and 7 for every day in the cohort I questionnaire; and 1.5 for 1-2 days per week, 3.5 for 3-4 days per week, and 6 for almost every day in the cohort II questionnaire. The quantity of ethanol in each type of alcoholic beverage was calculated as follows: 180 ml of sake (rice wine) was regarded as 23 g of ethanol, 180 ml of shochu or awamori (white spirits) as 36 g, 633 ml of beer as 23 g, 30 ml of whiskey or brandy as 10 g, and 60 ml of wine as 6 g. Finally, weekly ethanol intake was estimated by multiplying the quantity by the score. For regular drinkers only, we categorized weekly alcohol intake into four categories (1-149 g/week, 150-299 g/week, 300-449 g/week, and 450 g/week).
Regarding validity, Spearman's correlation coefficients comparing questionnaires and 28-day dietary records with respect to weekly ethanol intake and frequency of alcohol intake were 0.77 and 0.54 for men and 0.55 and 0.27 for women, respectively. Compared with that for 28-day dietary records, mean daily intake of alcohol (g/day) calculated from questionnaires was nearly the same for men (23.4 g for dietary records and 22.3 g for questionnaires) but was underestimated for women (1.6 g for dietary records and 0.8 g for questionnaires) (6).
Follow-up survey
Subjects were followed from the baseline survey until December 31, 2003. Residence status, including survival, was confirmed annually through the residential registry maintained for each municipality. Of all study subjects, 6.3 percent moved away and 0.06 percent was lost to followup during the study period. Information on the cause of each death was supplemented by checking against death certificate files with permission.
Analysis
The numbers of person-years in the follow-up period were calculated from the baseline survey until the date of death or the end of the study period, whichever occurred first. For persons who were lost to follow-up, the last confirmed date was used as the date of censoring.
Hazard ratios and their 95 percent confidence intervals for the pattern of alcohol drinking on all-cause death were calculated by using Cox proportional hazards models with adjustment for potential confounding factors, such as age at baseline (continuous), smoking status (never, past, and current), body mass index (weight (kg)/height (m)
2 ), green vegetable intake (3-4 times/week, every day), and leisure-time physical activity (1-3 times/month, 1-2 times/week). These variables are either known or suspected risk factors for all-cause death according to previous studies (3, 7) . In the Cox model, different baseline hazards were allowed for the study areas (nine Japan Public Health Center-based Prospective Study areas) using the strata statement in the PHREG procedure of SAS version 8 software (SAS Institute, Inc., Cary, North Carolina).
RESULTS
During the 1,058,796.4 person-years of follow-up (average, 11.9 years), 5,970 deaths (3,916 men and 2,054 women) from all causes were included in the analysis. Regarding all causes of death, 1,628 men (42 percent) and 912 women (44 percent) died from cancer of all sites (International Statistical Classification of Diseases and Related Health Problems, Tenth Edition (ICD-10) codes C00-C96), 498 men (13 percent) and 235 women (11 percent) from heart disease (ICD-10 codes I01-I02, I05-I09, I20-I25, I27, and I30-I52), 391 men (10 percent) and 255 women (12 percent) from cerebrovascular disease (ICD-10 codes I60-I69), 515 men (13 percent) and 196 women (10 percent) from injuries and external causes (ICD-10 codes S01-S77 and T00-T91), and 98 men (3 percent) and 27 women (1 percent) from liver disease (ICD-10 codes K70-K76).
At baseline, 68 percent of men and 11 percent of women were regular drinkers. Increased quantity of alcohol consumed was positively associated with smoking and negatively associated with physical activity (table 1) . Female heavy drinkers tended to be young. Those who drank 5-7 days per week were more frequently identified in the highest category of alcohol intake.
When compared with occasional drinkers who consumed alcohol 1-3 days per month, both men and women nondrinking participants in cohort I showed a significantly increased risk of all-cause mortality (hazard ratio (HR) ¼ 1.28, 95 percent confidence interval (CI): 1.06, 1.55 and HR ¼ 1.42, 95 percent CI: 1.11, 1.82, respectively). For never and past drinkers, the analysis was conducted among participants in cohort II only. An increased risk of all-cause mortality was observed; the respective hazard ratios for never and past drinkers compared with occasional drinkers were 1.30 (95 percent CI: 1.07, 1.57) and 2.14 (95 percent CI: 1.70, 2.69) for men and 1.10 (95 percent CI: 0.85, 1.44) and 1.68 (95 percent CI: 0.98, 2.90) for women.
When subjects were divided according to the quantity of alcohol consumed per week (table 2), a statistically significant increase for men and a nonsignificant increase for women in the risk of all-cause mortality were observed as the quantity of alcohol increased.
The adjusted hazard ratios of all-cause death according to frequency of alcohol intake are presented in table 3. Among regular drinkers, no elevation in risk of all-cause mortality was observed for men and women, irrespective of the frequency of drinking.
To assess the joint effects of quantity and frequency of alcohol intake, we examined the risk for the categories stratified by the combination of quantity and frequency of alcohol intake ( figure 1 and table 4) . Because the number of female regular drinkers in our study population was small, the analysis was restricted to men. Men consuming 450 g of alcohol 5-7 days per week showed the highest crude mortality rate of all-cause death (figure 1). Compared with occasional drinkers, men who drank <150 g of alcohol per week had a nonsignificant decrease in all-cause mortality irrespective of drinking frequency (table 4). A consistent risk was observed among men consuming <300 g of alcohol per week, regardless of drinking frequency. For men consuming 300-449 g and 450 g of alcohol per week, the risk of all-cause mortality was significantly increased among those whose frequency of intake was 5-7 days per week, although this trend was not statistically significant. The highest hazard ratio was observed for men consuming 450 g of alcohol 5-7 days per week.
To test the ''liver holiday'' hypothesis, the effect of frequency of drinking among men who drank the same quantity of alcohol was investigated for heavy drinkers. When 1-2 days per week was used as a reference category, men consuming alcohol 3-4 days per week showed no increase in the risk of all-cause mortality (HR ¼ 1. Finally, we further divided men who consumed 450 g per week into three categories: 450-599 g, 600-749 g, and 750 g of alcohol per week. In this analysis, because heavy drinkers who drank 1-2 days per week were very few, we recategorized frequency of drinking as 1-4 days per week (men with ''liver holidays'') and 5-7 days per week (men without ''liver holidays''). When occasional drinkers were used as a reference, the respective hazard ratios for 1-4 days per week and 5-7 days per week were 0. mortality among regular drinkers, while frequency of alcohol intake did not appear to be related to all-cause mortality when these factors were investigated separately. When they were examined in combination, pattern of drinking emerged as an important factor in the mortality of male regular drinkers, with the highest hazard ratios observed among those consuming 450 g of alcohol 5-7 days per week. Interestingly, the increased risk of all-cause mortality associated with frequency of alcohol intake was seen among heavy drinkers only (300 g alcohol/week). These results support the hypothesis that ''liver holidays'' reduce the harmful effects of heavy drinking on mortality.
Regarding only the quantity of alcohol consumed, we previously identified a similar pattern among men, but not women, in our study on total cancer risk (the leading cause of death in Japan) (8) and stroke (the third leading cause of death in Japan), especially hemorrhagic stroke (9) . In addition, the increased risk of all-cause mortality among heavy drinkers, which is associated with quantity of alcohol consumed, has been consistently observed in our previous analysis of the 7-year follow-up data from cohort I (3), other Japanese prospective cohort studies (4, 10), and studies conducted in other countries (11) (12) (13) . Although the present finding supported the J-shaped association between quantity of alcohol consumed and all-cause mortality, a smaller reduction in hazard ratios was observed in our study population compared with other populations in Western countries (13, 14) . This finding might be due to differences in causes of death between Japanese and Caucasian populations, for whom the leading cause is cardiovascular death, which mostly influences the lowering effects on all-cause mortality among light-to-moderate drinkers (13) . The level of alcohol intake among men in the present study was relatively high compared with that in the other studies conducted in Western countries (13, 15) but was similar to that in other Japanese studies (16) . Because the ), green vegetable intake (3-4 times/week and almost every day), and leisuretime physical activity (1-3 times/month, 1-2 times/week). * Calculated among regular drinkers. y HR, hazard ratio; CI, confidence interval. z Adjusted for age at baseline (continuous), study area (nine public health center areas), smoking status, body mass index (weight (kg)/height (m) present study comprised a population-based cohort with high response rates to the baseline questionnaire, the level of alcohol intake in our study was regarded as representative of the Japanese population. In fact, the prevalences of male drinkers in our study are almost the same as those for persons aged 40-69 years from the National Health and Nutrition Survey (17) ; the prevalences of occasional and regular drinkers were 76 percent for the present study and 72-75 percent for the National Health and Nutrition Survey, and the prevalences of drinkers consuming alcohol 5-7 days per week were 47 percent for the present study and 41-45 percent for the National Health and Nutrition Survey. As for drinking pattern, the prevalence of daily drinking (5-7 days/ week) and heavy alcohol intake (>300 g) was high in the present study (21 percent of drinkers) as well as in the National Health and Nutrition Survey (31 percent of drinkers). This fact shows that the ''liver holiday'' belief is not necessarily put into practice, although it is well known in Japanese society.
Regarding the pattern of drinking, inconsistent results were found in the other epidemiologic studies conducted in the Western countries, in which the level of alcohol intake among men was relatively lower than that in the present study. In a Danish study, men in the highest intake of alcohol-less frequent drinker category, compared with frequent drinkers, showed a higher risk of all-cause mortality (15) . Of the five categories of alcohol intake, the highest was 21 drinks (252 g of alcohol) per week, which corresponds approximately to the second category in the present study, for which no increased risk associated with frequency of alcohol intake was found. In the United States, in a study of male health professionals in which the effects of drinking patterns on coronary heart disease were investigated, similar risks were found within the same categories of drinking frequency, regardless of the quantity of alcohol consumed per day (13) . Similarly, the highest category of alcohol intake was more than 30 g of alcohol per day, corresponding to 150-210 g of alcohol per week if the person drinks on 5-7 days per week, which is also low compared with the present study.
Note that the harmless effect of a ''liver holiday'' might not be applicable to excessively heavy drinkers. In our study, although the finding was not statistically significant, men who consumed 750 g of alcohol per week showed an increased risk of all-cause mortality regardless of their frequency of alcohol intake (with or without a ''liver holiday''). Other epidemiologic studies have consistently indicated the hazardous effects of drinking large quantities of alcohol in 1 day among men in Russia (18) and men and women in the United States (14) .
Physiologic evidence remains unclear. The observed association between patterns of drinking and all-cause mortality among male drinkers might be explained largely by death from cancer, which was responsible for 42 percent of all-cause deaths among men in the present study. Mortality from cancer at all sites according to quantity and frequency y HR, hazard ratio; CI, confidence interval. z Adjusted for age at baseline (continuous), study area (nine public health center areas), smoking status, body mass index (weight (kg)/ height (m) of drinking was similar to all-cause mortality ( figure 2 ). Approximately half of the Japanese persons were found to have a deficient phenotype for aldehyde dehydrogenase-2, a key enzyme in the conversion of acetaldehyde to acetate (19, 20) , resulting in higher levels of acetaldehyde exposure, which is considered carcinogenic (21) . Compared with heavy drinkers adopting the ''liver holiday,'' heavy daily drinkers might be exposed more persistently to the acetaldehyde. On the other hand, in view of the heart disease, because there was some evidence that heavy intake of alcohol on a single occasion was associated with a higher rate of progression of carotid atherosclerosis (22) , there seemed to be no effect of a ''liver holiday.'' The small number of deaths from heart disease as well as from other specific diseases, however, did not enable further analysis.
It has been suggested that social integration is a predictor of mortality (23) . In Japan, social drinking is an important social event, especially among middle-aged men, and the individual pattern of drinking might reflect their opportunity for social drinking. Indeed, among men in cohort II who were asked the number of days of social drinking, the prevalence of social drinkers tended to be higher among men who had ''liver holidays'' compared with men who drank on 5-7 days per week. Furthermore, we observed that men who drank at least 1 day per month as a social event had a lower risk of all-cause mortality compared with nonsocial drinkers. However, we did not confirm that the harmless effect of a ''liver holiday'' could be explained by the lower mortality of the men with more opportunity for social drinking because nonsocial drinkers were quite few (7 percent) among male drinkers in cohort II.
A possible alternative explanation for the different effect on all-cause mortality according to drinking pattern might be the discrepancies in sociological or psychological backgrounds. Our questionnaire was designed primarily to assess lifestyle factors; thus, relevant questions regarding sociological and psychological factors were limited. However, the limited number of questions associated with personality did reveal some distinctive characteristics of male frequent heavy drinkers. Male frequent (5-7 day/week) heavy (300 g of alcohol/week) drinkers tended to indicate that they are impatient, irritable, positive, and have a competitive spirit but are not punctual. Regarding the question about stress, male frequent heavy drinkers do not appear to experience a great deal of stress (data not shown).
A potential limitation of our study is the residual confounding; even in the same category of quantity of alcohol consumed, persons in the more frequent weekly intake category might have consumed a higher quantity of alcohol. Further adjustment by including individual quantities of alcohol consumed as continuous variables in the multivariate model did not change the hazard ratios substantially. When we subdivided the 450 g weekly intake level into three categories (450-599 g, 600-749 g, and 750 g of alcohol/ week), the consistent tendency of the harmless effect of a ''liver holiday'' was observed, except in the 750 g category.
Measurement error regarding self-reported alcohol intake should be discussed. Misclassification due to modified alcohol-drinking behavior during the study period is possible. However, it probably caused the results to be attenuated. Furthermore, with the same level of intake, less frequent drinking might be a marker of healthy lifestyle factors, such as nonsmoking, more exercise, and eating more vegetables. Although we controlled for these lifestyle variables in the statistical model, we cannot exclude the possible residual confounding effects of other lifestyle and risk factors.
Our data supported the ''liver holiday'' hypothesis, which proposes that drinking on 1-4 days per week is better than daily drinking for male heavy drinkers. Regarding the public health implications of this study, we recommend that persons, especially male heavy drinkers, abstain from consuming alcohol for more than 2 days per week.
